Introduction
Over the last decade, the agri-food industry has been involved in trade policy reforms including trade agreements (for example the European Union, the North American Free Trade Agrement, the MERCOSUR for example) and World Trade Organization negotiations. The consequences of trade liberalization on trade and foreign investments as well as on the productivity of domestic firms have received much attention, notably in new trade theory following the seminal paper of Melitz (2003) . However, academic literature and national governments have devoted relatively little attention to the effects of trade agreements on inter-regional reallocations of production within countries. Yet previous experience suggests that trade liberalization affects the geographical distribution of production within countries. For example, De la Fuente and Vives (1995) reported that the process of economic integration within the European Union fostered international convergence across countries rather than interregional convergence across regions within countries. In North America, as highlighted by Hanson (1998) , rapid trade liberalization was accompanied by a significant shift of manufacturing jobs from the region of Mexico City towards the United States' border. Chevassus-Lozza and Daniel (2006) showed a positive correlation between the degree of openness to trade and the degree of spatial concentration of the agricultural and food sectors in France.
In this paper, we study how increasing imports affect the infra-national location of agrifood production from French data for the period [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] . During this period, tariff protections for agri-food products at European borders declined by 41% and French imports of agri-food products from the rest of the world increased by 31% for food products.
Hence, competition among agri-food producers is fiercer on the domestic output market what likely affects the location of the agri-food firms. In addition, because agricultural products are intermediate goods processed by the agri-food sector, agri-food firms are also concerned by trade liberalization of agricultural markets. Over the period 1995-2002, tariff barriers for agricultural products at European borders decreased by 30% and French imports of agricultural commodities increased by 25%. Hence, our analysis focuses not only on the effects of imports of agri-food products but also of agricultural products on the re-allocation of the agri-food firms across regions.
To address our question, we build an econometric model based on economic geography literature (Fujita et al., 1999 and Thisse, 2002) for which, in a closed economy, the spatial distribution of production is driven by proximity to markets and by production factor prices. Because of transport costs, firms want to locate close to input or/and output markets in order to produce at a large scale and benefit from increasing returns. However, if the advantages of producing close to input or output markets do not offset high local production costs, firms are encouraged to set up in other places where production costs are relatively low. These mechanisms are particularly relevant in the agri-food sector because shipping agricultural and agri-food products is relatively costly, especially in the case of highly perishable commodities. Moreover, the agri-food sector has some linkages both with suppliers of agricultural products, who are spatially dispersed, and with final consumers, who are mainly located in large cities. As a result, the production level of the agri-food firms should react differently to an increase in imports according to local production costs and their proximity to consumers and to suppliers of agricultural products, leading to a reallocation of production across regions.
Our analysis reveals that, even though proximity to final consumers significantly shapes the spatial distribution of agri-food production, an increase in agri-food imports does not make regions with a high demand more attractive but makes low-wage regions more attractive. In addition, an increase in imports of agricultural products processed by food firms leads to the reallocation of agri-food production from regions with good access to agricultural inputs towards those with limited access.
The article is organized as follows. In the following section, we present a literature review based on economic geography models with international trade. Further, the empirical model and the predictions are described. In the fourth section, we present the data and variables.
The econometric issues and the results of our estimations are discussed in the fifth section.
The last section summarizes our conclusions.
Trade liberalization and the location of production: a review of the literature
We know from the economic geography literature that firms have an incentive to agglomerate in order to take advantage of the increasing returns associated with access to the input market (Abdel Rahman and Fujita, 1990 and Krugman and Venables, 1995) and to the output market (Krugman, 1991) . By contrast, the agglomeration of firms triggers high production costs due to competition among firms to attract production factors, especially labor. Hence, firms choose production locations by considering the tradeoff between access to consumers (the so-called market potential), access to input suppliers, and production costs. Daniel and Kilkenny (2009) as well as Gopinath et al. (2004) illustrated this tradeoff for food industries.
Some theoretical contributions aimed at evaluating the effects of trade liberalization on the location of production within a country using different economic geography models. Paluzie (2001) and Monfort and Nicolini (2000) extended the model in Krugman (1991) by opening this seminal two-region model to a third foreign region and to two countries and four regions, respectively. They showed that falling international trade costs foster agglomeration in a country that is open to trade. In other words, trade openness strengthens the incentive to locate in the larger markets. However, Krugman and Livas Elizondo (1996) introduced an immobile demand with congestion costs, which becomes the source of dispersion and is enough to turn Paluzie-Monfort-Nicolini's result upside down: lower international trade costs foster dispersion within a country that is open to trade. Behrens et al. (2007) confirmed this result by dropping congestion costs and by including procompetitive effects, which act as an additional dispersion force. In this case, firms are encouraged to locate in the region that allows them to reduce their production costs when international competition is fiercer.
As a result, in a closed economy, economic geography models show that firms have an incentive to agglomerate in order to benefit to better access to markets or to disperse to enjoy lower prices of production factors. However, it appears that theory has not yet reached a consensus on the impact of trade integration on regional inequalities.
Econometric studies are thus needed to identify the mechanisms involved by determining whether freer trade strengthens the role of access to markets (Paluzie, 2001 and Monfort and Nicolini, 2000) or the role of production costs (Krugman and Livas Elizondo, 1996 and Behrens et al., 2007) in the regional allocation of production. Despite this need, few econometric studies have been conducted. Ades and Glaeser (1995) as well as Davis and Henderson (2003) studied the impact of trade openness on the degree of urban primacy but they did not identify any mechanisms that explain the causal relationship. In addition, even though these studies estimated the relation between trade liberalization and the location of production with countries, they did not distinguish the effects of trade liberalization passing through input markets and output markets, a major issue of our work.
The empirical model
Given the discussion in the foregoing section, our aim is to evaluate the impact of agricultural and food imports on the reallocation of agri-food production across regions 
where c is a constant and parameters 1
ξ , a ξ , and w ξ are the coefficients to be estimated whereas rst u is the error term.
The overall impact of agri-food imports
We consider that food imports may impact the inter-regional allocation of food production through three channels: the first is a level effect ( s m ) regardless of the region where the firms are located, and the two other channels, which are captured by the interaction terms, are specific to the region through its market potential ( s ξ ) and its cost competitiveness where demand is relatively high may maintain their market share more easily than firms located far from consumers. Hence, more imports may lead to a reallocation of production from remote regions to regions with high demand. In addition, trade openness may increase production in regions with low production costs at the expense of the other regions, leading to the reallocation of production from high-cost regions to low-cost regions. To sum up these three effects, the elasticity of regional production to a change in imports of goods of the same sector s is given by:
where the sign of ε Ms is a priori undetermined.
The overall impact of agricultural imports
Concerning the impact of imports of agricultural products processed by the agri-food sector, we also distinguish a level effect ( An increase in imports of agricultural products is expected to increase, ceteris paribus, agri-food production regardless of the firm's location and in higher proportion in regions having low access to agricultural production. Thus, the sign of the impact of agricultural product imports on regional agri-food production, given by:
is a priori undetermined.
To what extent do imports modify the standard determinants of location?
It is also interesting to determine to what extent imports modify the standard determinants of location. The impact of accessibility to consumers and to producers of agricultural products are given by, respectively,
whereas the impact of local labor costs is expressed as follows by:
Following the above discussion, we can conclude that increasing imports of agri-food products can strengthen the positive role of proximity to final consumers (4) or the negative role of the production costs (6) in the location of agri-food production because of fiercer competition between domestic agri-food firms and foreign producers. In addition, increasing imports of agricultural products processed by the agri-food sector can lower the role of the access to agricultural products in the location of production (5).
Data and variables
The dataset is a region-industry As a proxy of regional production costs, we use the regional wages given by
where rst R is the sum of wages paid by firms belonging to sector s and located in r at t.
Note that when 0 rst y = , rst w is undetermined. In this case, we use the average regional labor cost.
To measure access to final consumers, we adopt a standard approach in economic geography by using the index of Market Potential (see Head and Mayer, 2004 
These two problems are taken into account in our estimation strategy, which is described in the following section.
Econometric analysis

Estimation Strategy
In our dataset, there are about 20% of observations where production equals zero ( 0 rst y = ).
Thus, our sample is characterized by a significant number of corner solutions because some regions are not profitable for some sectors. This problem is addressed by using a Tobit estimation procedure.
In addition, there are two potential problems of endogeneity: access to agricultural production and regional production costs are not exogenous. For each sector/region pair, the labor cost is affected by its level of production; and both vertical linkages and scale economies in producing agri-food goods and transport costs favor the co-agglomeration of agri-food and agricultural production (Gopinath et al., 1996) . In order to take these potential biases into account, we adopt an instrumental variable (IV) procedure. The costs of labor or access to agricultural production in previous years are used as instruments, which have been validated by the Sargan test.
Further, we consider heterogeneity across sectors because technology and market structure can vary greatly among agri-food sectors. We know that sectoral specificities play a role in the spatial allocation of firms. For example, high fixed costs favor agglomeration while a very competitive sector promotes the spatial dispersion of production (see Fujita and Thisse, 2002) . Characteristics that are specific to a region also influence the spatial distribution of firms regardless of the type of sectors: for example, physical geography, climate, endowments in natural resources and in production factors that are not specific to sectors (land, general skills, public infrastructure, education, ...). We also consider that agrifood production is likely to vary with time because of macroeconomic factors or common technology shocks across regions and sectors. The error term in (1) Silva and Tenreyro (2006) . This method is consistent in the presence of heteroskedasticity and provides a way of dealing with zero values of the dependent variable. However, using Monte Carlo simulations, Martin and Pham (2009) show that the PPML estimator may be biased when the dependent variable is frequently equal to zero. We use the PPML estimator to test the robustness of results.
Imports and the location of agri-food production
We first estimate two models from our entire sample in order to isolate (i) the direct effects of imports (model I) and of (ii) 
Imports and the tradeoff between proximity to the markets and production costs
We now turn to the impact of increasing imports on the fundamental tradeoff of new economic geography between accessibility to the markets and production costs. As expected, the role played by accessibility to producers of agricultural products in the spatial distribution of agri-food production is weakened by imports of agricultural products ( 0 ξ < a ). However, as suggested by table 3, this negative effect is limited because A ε remains positive with high imports of agricultural products. It is worth noting that the location of production is more sensitive to a change in access to agricultural production than in access to final consumers, even though increasing imports of agricultural products reduce the incentive to locate close to agricultural producers (see table 3 ).
In addition, spatial variations in labor costs strongly affect the location of agri-food production. This result is not surprising because the agri-food industry is very labor intensive. Hence, the location of agri-food firms seems to be the result of a tradeoff between agglomeration, in order to enjoy the benefits of a good access to agricultural production, and dispersion, in order to reduce labor costs. In other words, the location of agri-food production is mainly driven by spatial heterogeneity in input markets (labor and intermediate products).
Robustness checks
Additional estimations are needed to check the robustness of our results. When we estimate model II by implementing the PPML estimator, the coefficients have the same sign so that our conclusions remain valid. In addition, it should be noted that some agrifood sectors have no linkages to any agricultural sector (12 sectors in our sample). Thus, we estimate model II when we keep exclusively all sectors with no linkage to the agricultural sector in our sample and when the agri-food sectors that do not process agricultural products are excluded. The results associated with the two estimations are given in table 2 (see model II "no linkage" and model II "with linkage").
When we only focus on the 12 agri-food sectors with no linkage with the agricultural sector (see column "no linkage"), there is no interaction between agri-food imports and access to consumers while more imports of agri-food products render low-wage regions more attractive, confirming our results. Observe also that there is no significant direct effect of agri-food imports on production, regardless of location. These different results hold for the agri-food sectors for which there are some vertical linkages with the agricultural sector (see column "with linkage"). Hence, trade liberalization strengthens the role of production costs in the regional allocation of agri-food production in the sectors that process or not agricultural products. It should be also noted that, as shown in the "no linkage" column in table 2, market potential is a key determinant of production location for these sectors. As expected, the elasticity of regional production to a change in market potential is higher in these 12 sectors than in the whole sample.
Because the 12 agri-food sectors have no linkage with the agricultural sector, we also reestimate equation (1) Finally, as mentioned above, increasing imports of agricultural products processed by the agri-food sector weaken the role of access to agricultural production in the location of agri-food production. Despite this negative effect of agricultural imports, the values taken by the elasticity of regional production to a change in accessibility to producers of agricultural goods keep positive whatever the levels of agricultural imports. In addition, the regional level of agri-food production reacts more to a change in access to agricultural products than in access to consumers, confirming our results.
Concluding remarks
This article analyzes the effects of the openness of the European market for agri-food and agriculture on the intra-national location of agri-food production in France. Our results enable us to identify the relevant mechanisms in the economic geography literature on the relationship between imports and location of production. We show that freer trade does not make regions with a high market potential more attractive but leads to an increase in the agri-food production mainly in regions with low production costs, confirming the theoretical predictions in Krugman and Livas Elizondo (1996) and Behrens et al. (2007) .
A next stage of our research could study the relationship between exports and location.
For example, in accordance with Behrens et al. (2006) , Crozet and Koening-Soubeyran (2004) show that industrial reallocations across Romanian regions are driven mostly by access to European markets.
In addition, our analysis reveals that the gains from freer trade for agricultural products in terms of agri-food production occur mainly in the regions with relatively low access to agricultural inputs. The role played by structural changes in the agricultural sector in the location and performance of the agri-food sector merits more attention in future research.
The new economic geography may be a useful framework to treat this question. 
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